INTRODUCTION
Salicylic acid (SA) is a phytohormone required for plant defense against pathogens (Vlot et al., 2009) . Pathogen infection induces SA accumulation in both infected and systemic tissue. Blocking SA accumulation results in compromised plant immunity (Gaffney et al., 1993) , whereas exogenous application of SA or SA analogs induces immunity to pathogens (Gö rlach et al., 1996; Metraux et al., 1991) . In Arabidopsis, pathogen-induced SA is mainly synthesized through Isochorismate Synthase 1 (ICS1/SID2) (Wildermuth et al., 2001 ). SARD1 and CBP60g promote pathogen-induced SA synthesis by regulating the expression of ICS1 (Wang et al., 2011; Zhang et al., 2010a) . In addition to ICS1, SARD1 and CBP60g also regulate the expression of a large number of other immune regulators, suggesting that these two transcription factors play broad roles in plant immunity (Sun et al., 2015) .
Arabidopsis NPR1 is required for SA-induced PR gene expression and resistance against pathogens (Cao et al., 1994; Delaney et al., 1995) . NPR1 contains an N-terminal BTB/POZ domain, a central ankyrin-repeat domain and a C-terminal transactivation domain (Cao et al., 1997; Rochon et al., 2006) . NPR3 and NPR4 are two paralogs of NPR1 with very similar domain structures as NPR1. Loss of NPR3 and NPR4 does not affect the induction of PR gene by SA. Instead it results in elevated PR gene expression and enhanced disease resistance in the npr3 npr4 double mutants (Zhang et al., 2006) . The constitutive defense phenotype of npr3 npr4 can be complemented by NPR3 as well as NPR4, suggesting that NPR3 and NPR4 play redundant roles in negative regulation of immunity.
Intriguingly, NPR1 and NPR3/NPR4 all interact with TGA transcription factors (Despré s et al., 2000; Zhang et al., 2006; Zhang et al., 1999; Zhou et al., 2000) . NPR1 was shown to serve as a transcriptional co-activator (Fan and Dong, 2002; Rochon et al., 2006) and NPR3/NPR4 were suspected to also function in transcriptional regulation (Kuai et al., 2015; Zhang et al., 2006) . Three TGA transcription factors, TGA2, TGA5 and TGA6, function redundantly in positive regulation of SA-induced PR gene expression and pathogen resistance (Zhang et al., 2003) . However, basal PR gene expression levels are elevated in the tga2 tga5 tga6 triple knockout mutant, suggesting that TGA2/TGA5/TGA6 are also involved in negative regulation of defense responses (Zhang et al., 2003) .
A large number of SA-binding proteins with different affinity to SA have been identified in plants (Klessig et al., 2016) , but how SA is perceived as a defense hormone remains controversial. In one study, NPR3 was suggested as a low-affinity and NPR4 as a high-affinity SA receptor, whereas NPR1 was ruled out as an SA receptor based on its lack of SA-binding activity (Fu et al., 2012) . On the other hand, NPR1 was shown to bind SA with high affinity in two separate studies (Manohar et al., 2015; Wu et al., 2012) . NPR3 and NPR4 were proposed to function as E3 ligases that mediate the degradation of NPR1 (Fu et al., 2012) . It was hypothesized that low levels of SA inhibit the interaction between NPR4 and NPR1 to allow for NPR1 accumulation, whereas high levels of SA during pathogen infection promote the association between NPR3 and NPR1, and degradation of NPR1. This model is inconsistent with some of the biochemical and genetic data observed from the npr3, npr4, and npr3 npr4 mutant plants and cannot explain the apparent genetic redundancy between NPR3 and NPR4 (Kuai et al., 2015) . As NPR1 and NPR3/NPR4 share similar domain structures and have high sequence similarity, it is surprising that NPR1 functions as a transcriptional co-activator, but NPR3/NPR4 are proposed to work as E3 ligases.
Here we report that NPR3/NPR4 serve as transcriptional corepressors for SA-responsive genes. Multiple lines of evidence suggest that NPR4 and NPR1 function separately to regulate SA-induced immune responses. By inhibiting the transcriptional repression activity of NPR4 and promoting the transcriptional activation activity of NPR1, SA activates the expression of key immune regulators. A gain-of-function npr4-4D mutant that is unable to bind SA constitutively represses SA-induced immune responses, whereas the equivalent mutation in NPR1 abolishes its SA-binding activity and its ability to promote SA-induced defense gene expression, indicating that NPR1 and NPR3/ NPR4 are all bona fide SA receptors despite their opposite roles in transcriptional regulation of SA-induced defense gene expression.
RESULTS
Identification and Characterization of bda4-1D snc2-1D npr1-1 Arabidopsis SNC2 encodes a receptor-like protein required for basal resistance against bacterial pathogens (Zhang et al., 2010b) . A dominant mutation in SNC2 leads to constitutive activation of immune responses and dwarfism in the snc2-1D npr1-1 double mutant (Zhang et al., 2010b) . From a suppressor screen of snc2-1D npr1-1 to search for NPR1-independent immune regulators, we identified the bda4-1 snc2-1D npr1-1 triple mutant (BDA: Bian DA; becoming bigger in Chinese) (Zhang et al., 2010b) . When backcrossed with the snc2-1D npr1-1 parent, the F1 plants exhibited similar size and morphology as bda4-1 snc2-1D npr1-1 ( Figure S1A ), indicating that the bda4-1 mutation is dominant. Therefore the mutant was renamed as bda4-1D snc2-1D npr1-1. In bda4-1D snc2-1D npr1-1, the dwarf morphology of snc2-1D npr1-1 was almost fully suppressed ( Figure 1A ). Quantitative RT-PCR (qRT-PCR) analysis showed that constitutive expression of PR1 ( Figure 1B ) and PR2 (Figure 1C) is completely suppressed in bda4-1D snc2-1D npr1-1. In addition, the enhanced resistance to the oomycete pathogen Hyaloperonospora arabidopsidis (H.a.) Noco2 is also suppressed in bda4-1D snc2-1D npr1-1 ( Figure 1D ). Taken together, bda4-1D suppresses the constitutive defense responses in snc2-1D npr1-1.
bda4-1D Carries a Gain-of-Function Mutation in NPR4 bda4-1D was mapped to a small region on chromosome 4. A single G-to-A mutation was identified in this region, which results in an amino acid change (R419 to Q419) located in the C-terminal domain of NPR4 ( Figure S1B ). To confirm that this mutation is responsible for the suppression of the autoimmune phenotype of snc2-1D npr1-1, a genomic clone containing the mutant NPR4 gene was transformed into snc2-1D npr1-1. The transgenic plants displayed wild-type morphology ( Figure 1E ), and constitutive expression of PR1 and PR2 and enhanced resistance to H.a. Noco2 are abolished in the transgenic lines (Figure S1C and Figure 1F ), suggesting that the mutation in NPR4 is responsible for the suppression of snc2-1D npr1-1 mutant phenotypes. Thus we renamed bda4-1D as npr4-4D.
To determine whether npr4-4D is a gain-of-function or dominant-negative mutation, we transformed the npr4-4D mutant gene under its own promoter into npr3-2 npr4-2. As shown in Figure S1D , elevated PR1 and PR2 expression in npr3-2 npr4-2 was suppressed in the transgenic lines, indicating that npr4-4D is a gain-of-function mutation.
The R419 residue in NPR4 is conserved in NPR1 and NPR3 as well as their homologs in other plants ( Figure S2A ). To test whether NPR3 functions similarly as NPR4, we mutated the corresponding residue R428 in NPR3 to Q428 and expressed NPR3 R428Q in snc2-1D npr1-1. As shown in Figures S2B and S2C, the dwarf morphology of snc2-1D npr1-1 was suppressed by NPR3
R428Q
, confirming that NPR3 and NPR4 have redundant functions.
npr4-4D Suppresses the Expression of SARD1, CBP60g
and WRKY70, and Exhibits Compromised Basal Defense Several transcription factors including SARD1, CBP60g and WRKY70 are required for the autoimmunity of snc2-1D npr1-1 (Sun et al., 2015; Zhang et al., 2010b) . Their expression is much higher in snc2-1D npr1-1 than in npr1-1, but the increased expression is completely blocked by npr4-4D (Figures 2A-2B We further tested whether npr4-4D affects basal resistance against pathogens. Similar to the positive control (agb1-2), npr4-4D supported considerably higher growth of P.s.t. DC3000 hrcC -compared with the wild-type ( Figure 2E ). When challenged with P.s.m. ES4326, npr4-4D plants also supported significantly higher growth of the pathogen than the wildtype ( Figure 2F ), suggesting that npr4-4D suppresses basal resistance.
Loss of NPR3 and NPR4 Results in Elevated SARD1
and WRKY70 Expression To test whether the expression of SARD1, CBP60g and WRKY70 is affected in loss-of-function mutants of NPR3 and NPR4, we compared their expression levels in wild-type and npr3 npr4 double mutants. In npr3-2 npr4-2, SARD1 and WRKY70 expression is dramatically elevated ( Figure 3A ), but CBP60g expression is only modestly increased ( Figure S4A ). Similarly, npr3-1 npr4-3 also exhibits elevated basal SARD1 and WRKY70 expression ( Figure S4B ). These data suggest that NPR3 and NPR4 negatively regulate the expression of SARD1 and WRKY70.
NPR3 and NPR4 Function as Transcriptional Corepressors Regulating the Expression of SARD1 and WRKY70 To test whether NPR3/NPR4 serve as transcriptional co-repressors regulating SARD1 and WRKY70 expression, we made constructs expressing a luciferase reporter gene under the control of the promoter of SARD1 or WRKY70. As shown in Figure 3B , when the pSARD1::Luc reporter gene was co-transformed with plasmids overexpressing NPR3 or NPR4 into protoplasts, the expression of luciferase is significantly reduced compared with the empty vector control. Co-transformation of plasmids overexpressing NPR3 or NPR4 with the pWRKY70::Luc reporter gene also results in reduced reporter gene expression ( Figure 3B ). These data suggest that overexpression of NPR3 or NPR4 in Arabidopsis protoplasts represses the expression of SARD1 and WRKY70, and they likely function as transcriptional corepressors.
At the C terminus of NPR3 and NPR4 but not NPR1, there is a conserved motif (VDLNETP) with high similarity to the ethyleneresponsive element binding factor-associated amphipathic repression motif (EAR; L/FDLNL/F(x)P) (Ohta et al., 2001) . To determine whether this motif is required for the transcriptional repression activity of NPR4, we mutated the conserved amino acids ''DLN'' in NPR4 to ''GVK,'' the corresponding amino acids in NPR1. The NPR4 GVK mutant protein can still interact with TGA2 in the yeast two-hybrid assay ( Figure S4C ), but it no longer represses the expression of SARD1 and WRKY70 ( Figure 3C and Figure S4D ). To further test the transcriptional repression activity of NPR3/ NPR4, we made constructs expressing NPR3 or NPR4 fused to the Gal4 DNA-binding domain (GD). Transformation of these constructs with a Renilla luciferase reporter gene driven by a promoter containing 2 3 Gal4 DNA-binding sites in protoplasts resulted in suppression of the reporter gene ( Figure 3D ), confirming that NPR3/NPR4 function as transcriptional co-repressors. Coexpression of GD fused with the NPR4 C-terminal domain (NPR4C) with the Renilla luciferase reporter gene also results in suppression of the reporter gene ( Figure 3D ), suggesting that the C-terminal domain of NPR4 serves as a transcriptional repression domain.
NPR4 Functions Together with TGA Transcription
Factors to Repress the Expression of SARD1 and WRKY70 SARD1 and WRKY70 each contain two TGACG motifs in their promoter regions. To test whether the TGA-binding motifs are required for the repression of SARD1 and WRKY70 by NPR4, we mutated these motifs in the pSARD1::Luc and pWRKY70::Luc reporter genes ( Figure S4E ). As shown in Figure 3E , overexpression of NPR4 in protoplasts does not lead to repression of the mutant pSARD1::Luc and pWRKY70::Luc reporter genes, suggesting that TGA factors are likely required for the repression of SARD1 and WRKY70.
To test whether TGA2/TGA5/TGA6 regulate the expression of SARD1 and WRKY70, we compared the basal expression levels of SARD1 and WRKY70 in wild-type and tga256. As shown in Figure 3F , SARD1 and WRKY70 have much higher expression in tga256 than in wild-type, suggesting that TGA2/TGA5/TGA6 are involved in negative regulation of basal expression of SARD1 and WRKY70. To determine whether SARD1 and WRKY70 are direct targets of the TGA factors, ChIP-qPCR experiments were carried out on wild-type and tga256 plants using anti-TGA2 antibodies ( Figure S4F ). As shown in Figures 3G and  S4G , DNA in the promoter regions of SARD1 and WRKY70, but not CBP60g, is clearly enriched in the immuno-precipitated samples from the wild-type but not tga256, suggesting that SARD1 and WRKY70 are both direct targets of TGA2.
Since NPR3/NPR4 and TGA2/TGA5/TGA6 interact with each other, we further determined whether TGA2/TGA5/TGA6 are required for the repression of SARD1 or WRKY70 by NPR4. First we checked whether the repression of defense responses in snc2-1D npr1-1 by npr4-4D requires TGA transcription factors. As shown in Figure 3H , the sextuple mutant npr4-4D snc2-1D npr1-1 tga256 displayed dwarf morphology similar to snc2-1D npr1-1. Constitutive expression of SARD1 and WRKY70 is also restored in the sextuple mutant ( Figure S4H) . Furthermore, overexpression of NPR4 reduces the expression of pSARD1::Luc and pWRKY70::Luc reporter genes in wild-type, but not the tga256 mutant protoplasts ( Figure 3I ). These data suggest that NPR3/NPR4 work together with TGA2/TGA5/TGA6 to repress the expression of SARD1 and WRKY70. (legend continued on next page) npr4-4D ( Figure 4A ). Since SA can bind NPR4, we tested whether the transcriptional repression activity of NPR4 is affected by SA. We treated wild-type protoplasts co-transformed with 35S:NPR4 and pSARD1::Luc or pWRKY70::Luc constructs with SA and examined the expression of luciferase. As shown in Figure 4B , overexpression of NPR4 represses the expression of the reporter genes, and the repression is released by SA treatment. In contrast, repression of the reporter genes by 35S:npr4-4D was not affected by SA treatment. These data suggest that SA inhibits the transcriptional repression activity of NPR4 and the NPR4-4D mutant protein no longer responds to SA treatment.
To test whether SA affects the recruitment of NPR4 to the promoters of SARD1 and WRKY70, we carried out ChIP-qPCR experiments using transgenic plants expressing NPR4-3HA protein. As shown in Figure 4C and Figure S4I , NPR4-3HA was recruited to the promoters of SARD1 and WRKY70 but not CBP60g, and treatment of SA did not affect the association of NPR4-3HA with SARD1 and WRKY70 promoters. Similarly, NPR3-3HA was also recruited to the promoters of SARD1 and WRKY70 ( Figure S4J ) and the interactions between NPR3-3HA and the promoters were not affected by SA treatment. Consistent with the ChIP-qPCR experiments, SA does not disrupt the interactions between NPR3/NPR4 and TGA2 in the yeast twohybrid assay ( Figure S4K ). Interestingly, treatment of SA abolishes the repression of the Renilla luciferase reporter gene under the promoter with 2 3 Gal4 DNA-binding sites by GD-NPR3 and GD-NPR4 ( Figure 4D ), indicating a negative effect of SA on the transcriptional repression activities of NPR3/NPR4.
Next we tested whether SA-induced disease resistance is affected in npr4-4D. Wild-type and npr4-4D seedlings pretreated with the SA analog INA were challenged with H.a. Noco2. As shown in Figure 4E , exogenous application of INA renders the wild-type plants resistant to the pathogen. Like in npr1-1, the INA-induced resistance is largely blocked in npr4-4D, confirming that npr4-4D is an SA-insensitive mutant.
Previously GST-tagged NPR3 and NPR4 recombinant proteins were shown to bind SA with different affinities (Fu et al., 2012) . To confirm the binding of SA to NPR3 and NPR4 and determine whether the npr4-4D mutation affects SA binding, we expressed His 6 -MBP-tagged NPR3, NPR4 and NPR4-4D (NPR4 R419Q ) proteins in Escherichia coli and purified the recombinant proteins for SA binding assays. The His 6 -MBP tag was used because the GST-NPR3 and GST-NPR4 fusion proteins did not express well under our experimental conditions. As shown in Figures 4F Figure S4C ) and forms homodimers ( Figure S4L ). However, it has very low affinity for [ 3 H]-SA ( Figure S4M and Figure 4G ), exhibiting an estimated K d of about 250-fold higher than the wild-type protein, suggesting that the R419 residue in NPR4 is essential for its SA-binding activity.
NPR1 Promotes the Transcription of SARD1 and WRKY70 in Response to SA Since the R419 residue in NPR4 is conserved in NPR1 (Figure S2A ), we tested whether the corresponding R432 in the C-terminal domain of NPR1 is also required for binding SA. We expressed His 6 -MBP-tagged NPR1 and NPR1 R432Q proteins and purified them for SA-binding assays. As shown in Figure 5A , the His 6 -MBP-tagged NPR1 has high binding affinity for estimated to be about 50-fold higher than the wild-type protein, suggesting that R432 plays an important role in SA binding. Further analysis showed that NPR1 R432Q can still interact with TGA2 and NIMIN1 in yeast two-hybrid assays ( Figure 5B ).
NPR1 is partially required for the induction of SARD1 and WRKY70 by SA ( Figure 5C ). To determine whether the NPR1 R432Q mutation affects the induction of SARD1 and WRKY70, we made transgenic lines expressing HA-tagged NPR1 or NPR1 R432Q in the npr1-1 background ( Figure 5D ). Following SA treatment, plants expressing NPR1-HA in the npr1-1 background showed similar expression levels of SARD1 and WRKY70 as wild-type (Figures 5E and 5F). In addition, INA-induced resistance to H.a. Noco2 was also restored in the NPR1-HA transgenic lines ( Figure 5G ). In contrast, in the transgenic lines expressing NPR1 R432Q -HA, the expression levels of SARD1 and WRKY70 after SA treatment are similar as in npr1-1 and INA-induced resistance to H.a. Noco2 was not restored either, suggesting that NPR1 R432Q cannot complement the npr1-1 mutant phenotype. We further tested whether the NPR1 R432Q mutation affects SA-induced pSARD1::Luc reporter expression. When a construct expressing wild-type NPR1 was co-transformed with pSARD1::Luc into npr1-1 protoplasts, SA treatment induces the expression of luciferase ( Figure 5H ). In contrast, when the NPR1 R432Q construct was co-transformed with the reporter gene into npr1-1 protoplasts, the expression of luciferase is not induced by SA, confirming that the NPR1 R432Q mutation ren- motifs ( Figure 5I ), suggesting that the induction of pSARD1::Luc expression by SA is dependent on the ''TGACG'' motifs.
NPR4 Functions Independently of NPR1
NPR3/NPR4 were previously reported to interact with NPR1 and function as E3 ligases for degrading NPR1 (Fu et al., 2012) . However, we were not able to confirm the interactions between NPR3/NPR4 and NPR1 in yeast two-hybrid assays ( Figure S5A ). We also failed to detect interactions between NPR3/NPR4 and Cul3A in co-immunoprecipitation assays using epitope-tagged proteins transiently expressed in Nicotiana benthamiana ( Figures  S5B and S5C ). To further determine the relationship between NPR3/NPR4 and NPR1, we analyzed the expression of SARD1 and WRKY70 in npr1-1 npr3-2 npr4-2. As shown in Figure 6A , the elevated SARD1 and WRKY70 expression in npr3-2 npr4-2 is not affected by npr1-1, suggesting that activation of SARD1 and WRKY70 in npr3-2 npr4-2 is not dependent on NPR1. In addition, NPR4 can still repress the expression of the pSAR-D1::Luc and pWRKY70::Luc reporter genes in npr1-1 protoplasts ( Figure 6B ), suggesting that NPR4 regulates SARD1 and WRKY70 independent of NPR1.
To test whether NPR1 and NPR4 function in parallel in SAinduced gene expression, we compared the induction of SARD1 by SA in npr1-1, npr4-4D and npr1-1 npr4-4D. As shown Figure S4 . 
(legend continued on next page)
in Figure 6C , induction of SARD1 by SA is reduced in npr4-4D and npr1-1, and completely blocked in the double mutant, suggesting that NPR1 and NPR4 function independently to regulate SA-induced SARD1 expression. Analysis of the induction of SARD1 and PR2 by P.s.m. ES4326 also showed that their induction is only partially affected in npr1-1 and npr4-4D, but completely blocked in npr1-1 npr4-4D ( Figure 6D ).
Next we analyzed the contribution of npr1-1 and npr4-4D to the suppression of snc2-1D. As shown in Figure 6E , snc2-1D npr1-1 and snc2-1D npr4-4D plants are only slightly bigger than snc2-1D, but snc2-1D npr1-1 npr4-4D has similar size as the wild-type. The expression of SARD1 and WRKY70 in snc2-1D is lower in snc2-1D npr1-1 and snc2-1D npr4-4D, and further reduced in snc2-1D npr1-1 npr4-4D ( Figure 6F) . Similarly, the enhanced resistance against H.a. Noco2 in snc2-1D is not significantly affected in snc2-1D npr1-1 and snc2-1D npr4-4D, but completely lost in snc2-1D npr1-1 npr4-4D ( Figure 6G ). These data suggest that npr4-4D and npr1-1 have additive effects on the suppression of the autoimmune phenotype of snc2-1D.
We further tested the effects of npr1-1 and npr4-4D on basal resistance against pathogens. As shown in Figures 6H and 6I , npr1-1 and npr4-4D supported significantly higher growth of H.a. Noco2 and P.s.t. DC3000, and npr1-1 npr4-4D supported even higher growth of these two pathogens. When npr1-1, npr4-4D, and npr1-1 npr4-4D were challenged with P.s.t. DC3000 hrcC -, growth of the bacteria was also significantly higher in the single mutants and further increased in the double mutant ( Figure 6J ). All these data indicate that NPR1 and NPR3/NPR4 function separately.
Opposite Roles of NPR1 and NPR4 in SA-Induced Early Defense Gene Expression To assess the contribution of NPR1 and NPR4 to early SAinduced gene expression, we carried out RNA-sequencing (RNA-seq) analysis on wild-type, npr1-1 and npr4-4D. Twoweek-old seedlings were treated with SA for 1 hr prior to sample collection. In wild-type plants, 2455 genes were found to be differentially expressed upon SA treatment (fold change R 2 and false discovery rate (FDR) < 0.05), including 1543 induced genes (Table S1 ) and 912 repressed genes (Table S2) . Gene ontology enrichment analysis showed that genes involved in defense responses were highly enriched among SA-induced genes ( Figure 7A ). Consistent with the involvement of TGA transcription factors in SA-induced defense gene expression, the preferred TGA2-binding sequence ''TGACTT'' is overrepresented in the promoters (1 kb upstream of the translation start sites) of the 1543 SA-induced genes (p < 10 À9 ). Surprisingly, many key regulators of plant immunity were induced within 1 hr after SA treatment (Table S3) . Consistent with the antagonistic interactions between SA and JA, genes involved in JA-related processes are enriched among genes downregulated in response to SA treatment ( Figure 7A ).
Among the 1543 genes induced by SA, the induction of 1107 and 286 genes is attenuated in npr1-1 and npr4-4D, respectively (log fold change R 0.5 and FDR < 0.05). Most genes affected by npr4-4D were also affected by npr1-1 ( Figure S6 and S7A) , which is not surprising considering that regulation of defense gene expression by NPR1 and NPR4 is mediated by the same TGA transcription factors. Further analysis showed that 588 out of the 1107 genes affected by npr1-1 and 252 out of the 286 genes affected by npr4-4D can still be partially induced by SA. Additional RNA-seq analysis on npr1-1 npr4-4D revealed that the induction of 331 genes partially affected in npr1-1 and 181 gene partially affected in npr4-4D is completely blocked in the double mutant (FDR < 0.05), confirming the additive effect of npr1-1 and npr4-4D mutants in SA-induced immunity.
The expression of five representative genes regulated by both NPR1 and NPR4 (WRKY70, MC2, NAC004, RLP23, and WRKY51) was validated by qRT-PCR analysis. As shown in Figures 7B-7F , the induction of these genes by SA is lower in npr1-1 and npr4-4D than in the wild-type, and further reduced in npr1-1 npr4-4D. We also examined the induction of SARD1, MC2, NAC004, and WRKY51 in npr1-7, a deletion mutant lacking the translation start codon and most of the coding region of NPR1. Similarly, induction of these four genes by SA is partially blocked in npr1-7 and completely blocked in the npr1-7 npr4-4D double mutant ( Figure S7B ). Together these data support that NPR1 and NPR4 act independently in the regulation of SAinduced gene expression.
DISCUSSION
Previously we showed that NPR3/NPR4 function redundantly as negative regulators of plant immunity (Zhang et al., 2006) , but the mechanism of how they regulate plant defense responses was unclear. Here we show that NPR3/NPR4 serve as transcriptional repressors of key immune regulators such as SARD1 and WRKY70 and repression of SARD1 and WRKY70 expression by NPR3/NPR4 is facilitated by their interacting transcription factors TGA2/TGA5/TGA6. When tethered to the Gal4 DNA-binding domain, NPR3/NPR4 repress the transcription of a reporter gene under the control of a promoter with Gal4 DNA-binding sites, further supporting that NPR3/NPR4 function as transcriptional co-repressors. Surprisingly, SA serves as an inhibitor of NPR3/NPR4 to release the repression of defense genes. Multiple lines of evidence suggest that SA-induced de-repression of defense genes is critical in plant immunity. The SA-insensitive npr4-4D mutant not only displays enhanced disease susceptibility but also completely blocks INA-induced pathogen resistance. In addition, the constitutive defense responses in snc2-1D npr1-1 are almost completely suppressed by npr4-4D. The effects of npr4-4D and npr1-1 on plant defense are almost always additive, suggesting that both de-repression and activation of SA-responsive genes are important to plant immunity. Our study confirms NPR1 as a high-affinity SA-binding protein and provides strong evidence that the SA-binding activity of NPR1 is required for its function in SA-induced immunity. Previously two evolutionarily unconserved Cys residues (Cys521/ Cys529) in NPR1 were shown to be required for SA-binding and SA-induced PR1 expression (Rochon et al., 2006; Wu et al., 2012) . Whether they are required for the induction of other defense genes and resistance to pathogens by SA is unclear. Unlike Cys521/Cys529, the Arg432 residue in NPR1 and the corresponding Arg419 in NPR4 are highly conserved among NPR1/ NPR3/NPR4 and their orthologs in other plants. The NPR1 R432Q mutation, which disrupts SA-binding but not its interactions with TGA2 and NIMIN1, abolishes its function in promoting SA-induced defense gene expression and pathogen resistance. Together these data strongly support NPR1 as a bona fide SA receptor.
Our data do not support the hypothesis that NPR3/NPR4 regulate plant immunity by controlling NPR1 protein levels (Fu et al., 2012) . Multiple lines of evidence from our study suggest that NPR3/NPR4 function independently of NPR1 in plant immunity. First, npr4-4D was isolated in a background containing the npr1-1 mutation, a null allele of NPR1 that completely abolishes its interaction with the TGA transcription factors and SA-induced PR gene expression (Cao et al., 1994; Zhang et al., 1999) , and the npr4-4D and npr1-1 mutations have additive effects on the suppression of snc2-1D. Second, npr1-1 has no effect on the increased SARD1 and WRKY70 expression in npr3 npr4. Third, repression of the pSARD1::Luc and pWRKY70::Luc reporter genes by NPR4 is not affected by npr1-1. Finally, the induction of a large number of genes by SA is partially affected in the npr4-4D and npr1-1 single mutants, but completely blocked in the npr4-4D npr1-1 double mutant. Furthermore, previously reported interactions between NPR3/NPR4 and NPR1 cannot be independently confirmed under our experimental conditions. Whether NPR3/NPR4 really function as E3 ligases for degrading NPR1 needs to be further evaluated.
SA has been known as an inducer of plant defense responses for many years, but how SA treatment results in enhanced resistance against pathogens was unclear. Our RNA-seq analysis revealed that SA treatment results in rapid induction of a large number of genes within 1 hr. Among the early SA-induced genes, many encode key regulators required for plant immunity (Table S3) . Overexpression of some of these immune regulators such as SARD1, WRKY70, SOBIR1, ALD1, ADR1 and EDS1/PAD4 has previously been shown to result in enhanced pathogen resistance (Cecchini et al., 2015; Cui et al., 2017; Gao et al., 2009; Grant et al., 2003; Li et al., 2004; Zhang et al., 2010a) , suggesting that their induction by SA contributes to SA-induced immunity. Interestingly, a number of known negative regulators of plant immunity are also rapidly upregulated following SA treatment. The induction of these genes might play important roles in negative feedback regulation of defense responses.
Our SA-binding data suggest that both NPR3 and NPR4 are high-affinity SA receptors. The SA-binding affinities for NPR3 (K d = 176.7 ± 28.31 nM) and NPR1 (K d = 223.1 ± 38.85) are comparable, whereas the affinity of NPR4 to SA (K d = 23.54 ± 2.743 nM) is considerably higher. The K d s for the MBP-tagged NPR1 and NPR4 protein in our study are similar to the previously reported K d s for NPR1 and NPR4 (Fu et al., 2012; Manohar et al., 2015; Wu et al., 2012) , but the K d for the MBP-tagged NPR3 is much lower than the previously reported K d for the GST-tagged NPR3, which could be due to low activity of the GST-NPR3 protein used in the assay. In the absence of pathogen infection, the basal level of SA in Arabidopsis leaf tissue is around 1.4 mM (0.2 mg per g of tissue) (Kong et al., 2016) , which is much higher than the K d s for NPR1 and NPR3/NPR4. As defense genes are not strongly induced by the basal level of SA, the SA-binding affinities for endogenous NPR1 and NPR3/NPR4 proteins might be considerably lower than what is observed with the recombinant proteins due to potential post-translational modifications in the plant cells. Alternatively, the concentration of SA in the nucleus could be lower than the average SA level in case of uneven distribution of SA in different subcellular compartments.
NPR1 was previously shown to interact with the promoter of PR1 before and after SA treatment (Rochon et al., 2006) . SA induces a conformational change in the C-terminal transactivation domain of NPR1, which results in the release of the inhibitory effect of the N-terminal BTB/POZ domain and activation of NPR1 (Wu et al., 2012) . Our ChIP-qPCR data showed that NPR3/NPR4 also interact with the promoters of defense genes. SA treatment has no effect on these interactions, consistent with the observation that SA does not block the interactions between TGA2 and NPR3/NPR4. As SA abolishes GD-NPR3 and GD-NPR4-mediated repression of the luciferase reporter gene driven by a promoter with Gal4 DNA-binding sites, it is likely that binding of SA directly affects the transcriptional repression activities of NPR3/NPR4.
In summary, NPR1 functions as a transcriptional co-activator and NPR3/NPR4 serve as redundant transcriptional co-repressors for SA-responsive defense genes. NPR1 and NPR3/NPR4 and S7 and Table S1 , S2, and S3.
all interact with and are dependent on TGA transcription factors for their activities. We propose a model where there is an equilibrium of NPR:TGA:promoter complexes in the plant cells, with dynamic exchange of specific NPR and TGA proteins ( Figure 7G ). Binding of SA to NPR3/NPR4 inhibits their transcriptional repression activity, whereas perception of SA by NPR1 enhances its transcriptional activation activity, both contribute to induction of defense gene expression. Although SA is the first case in plants where one hormone is perceived by multiple non-redundant receptors, such examples do exist among neurohormones such as epinephrine, dopamine and histamine. The evolution and maintenance of different receptors for SA is most likely due to the requirement for intricate control of the SA responses. When the SA levels are low, NPR3/ NPR4 repress defense gene expression, which prevents autoimmunity. Increased SA accumulation removes the repression and allows further induction of defense gene expression through the transcription co-activator NPR1.
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EXPERIMENTAL MODEL AND SUBJECT DETAILS Plant Materials and Growth Conditions
Arabidopsis plants were grown on soil in a growth chamber at 23 C/19 C day/night and $70% relative humidity. 16h/8h light/dark photoperiod is used for long day conditions and 12 hr light at 23 C and 12hr/12hr light/dark photoperiod is used for short day conditions. To grow Arabidopsis seedlings on MS medium, seeds were first surface-sterilized with 15% (vol/vol) bleach and washed thoroughly in sterile water for 2 times, and then germinated on the sterile half-strength MS solid medium (pH 5.7) supplemented with 1% sucrose and 0.6% agar with appropriate antibiotic. Plated seedlings were grown in a growth chamber at 23 C/19 C day/night with 16/8h light/dark photoperiod.
All Arabidopsis mutants used are in the Columbia (Col-0) ecotype. The npr1- 1, agb1-2, snc2-1D, snc2-1D npr1-1, npr3-1 npr4-3, npr3-1 npr4-3 npr1-1, tga2-1 tga5-1 (tga2/5) , tga6-1 and tga2-1 tga5-1 tga6-1 (tga2/5/6) mutants were reported previously (Cao et al., 1994; Sun et al., 2015; Ullah et al., 2003; Zhang et al., 2006; Zhang et al., 2003; Zhang et al., 2010b) . Additional Arabidopsis transgenic lines and other mutants generated in this study are described below.
METHOD DETAILS

Mutant Generation
The npr3-2 npr4-2 npr1-1 triple mutant was obtained by crossing npr1-1 with npr3-2 npr4-2. The bda4-1D (npr4-4D) snc2-1D npr1-1 mutant was identified from an EMS-mutagenized snc2-1D npr1-1 mutant population (Zhang et al., 2010b) . The npr4-4D single and snc2-1D npr4-4D double mutant were obtained by crossing npr4-4D snc2-1D npr1-1 with Col-0 wild-type plants. The npr4-4D npr1-1 double mutant was obtained by crossing npr1-1 with npr4-4D. The sextuple mutant snc2-1D npr1-1 npr4-4D tga2/5/6 was obtained by crossing snc2-1D npr1-1 npr4-4D with tga2/5/6. snc2-1D npr1-1 npr4-4D tga2/5 and snc2-1D npr1-1 npr4-4D tga6-1 were isolated from the same population. The npr1-7 and npr4-4D npr1-7 mutants were generated by transforming the CRISPR-Cas9 construct pHEE2A-NPR1 targeting the NPR1 locus into wild-type and npr4-4D background.
Genetic mapping of npr4-4D
Crude mapping of the npr4-4D mutation was carried out using the F2 population of a cross between npr4-4D snc2-1D npr1-1 in Col-0 ecotype background and Landsberg erecta (Ler). The genome of npr4-4D snc2-1D npr1-1 was sequenced using Illumina sequencing to identify single nucleotide polymorphisms between the mutant and wild-type. Fine mapping was carried out using F2 population of a cross between npr4-4D snc2-1D npr1-1 and snc2-1D npr1-1 using single nucleotide polymorphisms identified by the genome sequencing. 
Constructs and Transgenic Plants
To confirm that the npr4-4D mutation is responsible for the suppression of the autoimmunity in snc2-1D npr1-1, a genomic fragment of NPR4 was amplified from npr4-4D genomic DNA using primers NPR4-KpnI-F and NPR4-SalI-R and cloned into the binary vector pCambia1305. The construct was transformed into Agrobacteria strain GV3101 and used to transform snc2-1D npr1-1 and npr3-2 npr4-2 plants. A genomic fragment of NPR3 was amplified using primers NPR3-BamHI-F and NPR3-PstI-R and cloned into binary vector pCambia1305-35S. The NPR3 R428Q mutant was generated by overlapping PCR using primers NPR3-RQ-R and NPR3-RQ-F.
The resulting constructs were used to transform snc2-1D npr1-1 plants.
To generate constructs for promoter-luciferase assay, a 1887 bp fragment upstream of SARD1 coding sequence or a 1075 bp fragment upstream of WRKY70 coding sequence was cloned into pGreenII0229-LUC-nos vector. Promoter with mutations in the TGACG motif was generated by overlapping PCR. The 35S-NPR3 (pCambia1300-35S-NPR3-3HA) and 35S-NPR4 (pCambia1300-35S-NPR4-3HA) constructs were generated by inserting PCR fragments containing the coding regions of NPR3 or NPR4 into pCABMIA1300-35S-3HA. The NPR4 GVK mutation was generated by overlapping PCR and introduced into the 35S-NPR4 construct.
The constructs used in the transcriptional repressor assays were described previously (Tiwari et al., 2006) except that the GUS reporter gene was replaced with a PCR fragment containing the Renilla luciferase reporter gene amplified using primers Rluc-XhoI-F and Rlus-SacI-R. The coding regions of NPR3, NPR4 and the C terminus region of NPR4 were amplified from the wild-type cDNA and cloned in to pUC19-35S-GD. The yeast two-hybrid vectors pBI880 (BD vector) and pBI881 (AD vector) and the constructs pBI880-NPR3 (BD-NPR3), pBI880-NPR4 (BD-NPR4) and pBI881-TGA2 (AD-TGA2) were described previously (Kohalmi et al., 1997; Zhang et al., 2006) . TGA2, NPR3 and NPR4 fragments were subcloned into pBI881 or pBI880 to obtain pBI881-NPR3 (AD-NPR3), pBI881-NPR4 (AD-NPR4) and pBI880-TGA2 (BD-TGA2). The NPR4 R419Q coding sequence was amplified from total cDNA of npr4-4D seedlings and the NPR4 GVK mutant gene was generated by overlapping PCR. The DNA fragments were inserted into pBI880 to obtain pBI880-NPR4 R419Q (BD-NPR4 R419Q ) and pBI880-NPR4 GVK (BD-NPR4 GVK ). The NPR1 coding sequence was amplified by PCR and inserted into modified pBI880/pBI881 vectors with two SfiI sites. The NPR1 R432Q mutation was introduced by overlapping PCR.
To generate the NPR3-3HA and NPR4-3HA transgenic plants for ChIP assays, wild-type plants were transformed with Agrobacteria strains carrying pCambia1300-35S-NPR3-3HA or pCambia1300-35S-NPR4-3HA.To generate constructs for co-immunoprecipitation assay, the pCambia1300-35S-NPR4-3FLAG construct was generated by inserting a genomic fragment of NPR4 amplified by PCR using primers NPR4cds-KpnI-F and NPR4cds-BamHI-R into pCambia1300-35S-3FLAG. The pCambia1300-35S-NPR4 R419Q -3FLAG construct was generated similarly using PCR fragments amplified from npr4-4D genomic DNA. Constructs expressing NPR3-FLAG-ZZ and NPR4-FLAG-ZZ fusion proteins were generated by subcloning NPR3 and NPR4 genomic fragments into a modified pCambia1305 vector pBASTA-35S-FLAG-ZZ. The coding region of POB1 was amplified from genomic DNA and cloned into the same vector to obtain pBASTA-35S-POB1-FLAG-ZZ. The coding region of Cul3A was amplified from genomic DNA by PCR and cloned into pCambia1300-35S-3HA to obtain pCambia1300-35S-Cul3A-3HA. The constructs were transformed into Agrobacteria strain GV3101 and used for transient expression of the epitope-tagged proteins in N. benthamiana. To generate constructs used for expressing the His 6 -MBP-tagged recombinant proteins, the coding sequences of wild-type and mutant NPR1 and NPR4 were amplified by PCR and cloned into a modified pMAL-c2x (NEB) vector. NPR4 R419Q was amplified from the cDNA prepared from npr4-4D plant RNA. The NPR1 R432Q mutation was introduced by overlapping PCR.
To generate the NPR1-HA transgenic lines, coding sequence driven by its native promoter was PCR-amplified from wild-type genomic DNA and cloned into pCambia1305-3HA plasmid. The pCambia1305-NPR1 R432Q -HA construct was generated by sitedirected mutagenesis. The resulting constructs were introduced into npr1-1 plants by Agrobacterium-mediated transformation using standard protocol. The CRISPR-Cas9 construct expressing two guide RNAs targeting the NPR1 locus (pHEE2A-NPR1) was generated by replacing the gRNA sequences in the pHEE401 vector by PCR (Wang et al., 2015) . Primers used for the cloning are listed in Table S4 and all constructs were confirmed by sequencing.
Quantitative PCR RNA was extracted from three independent samples using the EZ-10 Spin Column Plant RNA Mini-Preps Kit from Biobasic (Canada) and treated with RQ1 RNase-Free DNase (Promega, USA) to remove the genomic DNA contaminations. Reverse transcription was carried out using the EasyScript Reverse Transcriptase (ABM, Canada). qPCR was performed using the Takara SYBR Premix Ex (Clontech, USA). Expression values were normalized to the expression of ACTIN1. Primers for qPCR were described previously (Sun et al., 2015; Zhang et al., 2003) or listed in Table S4 .
Pathogen infection assay
Analysis of resistance to H.a. Noco2 was carried out by spraying two-week-old seedlings with H.a. Noco2 spores at a concentration of 5 3 10 4 spores/mL. Growth of H.a. Noco2 was quantified seven days later as previously described (Bi et al., 2010) . For bacterial infection, two full-grown leaves of four-week-old plants grown under short day conditions were inoculated by syringe infiltration with different Pseudomonas strains. Bacterial growth (Colony forming units per cm 2 ) was determined 3 days post inoculation, day 0 counts were analyzed in infiltrated leaves to ensure that no statistical difference was present at inoculation and that day 3 showed positive growth. The experiments were repeated in at least three individual biological replicates, each with six technical replicates.
Promoter-luciferase Assay
Promoter activity assays were performed in Arabidopsis protoplasts by transforming the reporter constructs together with the different effector constructs. Protoplasts were prepared as previously described (Wu et al., 2009) . A pUBQ1-driven Renilla luciferase reporter was included in the firefly luciferase assays as internal transfection control. A 35S-driven firefly luciferase reporter was included in the Renilla luciferase assays as internal transfection control. A construct expressing the LexA DNA-binding domain-VP16 activation domain (LD-VP16) fusion protein was included in the transcriptional repression assays for the activation of the reporter gene. After 16 hr incubation, protoplasts were collected and the dual-luciferase assay system (Promega) was used to measure the activity of firefly luciferase and renilla luciferase sequentially using a BioTekÔ SynergyÔ 2 Multi-Mode Microplate Reader. The ratio of firefly luciferase/renilla luciferase was used to calculate the relative luciferase activities.
Yeast two-hybrid assay Different combinations of the yeast two-hybrid constructs were co-transformed into the yeast strain YPH1347. Colonies grown on synthetic dropout media without Leu and Trp (SD-L-W) were cultured for 20 hr in SD-L-W liquid media. The cultures were then serially diluted and plated on synthetic dropout media without Leu, Trp and His (SD-L-W-H) containing 4 mM 3-aminotriazole (3AT). Plates were kept at 30 C for 2 days before taking photos.
ChIP analysis
ChIP-PCR assays were performed as previously described (Sun et al., 2015) . The chromatin complex containing TGA2/5/6 proteins were pulled down using anti-TGA2 antibody and Protein A Agarose beads (GE). The anti-TGA2 antibody was purified form the serum of Rabbit immunized with recombinant TGA2 protein. The specificity of TGA2 antibody was confirmed by western blot using total proteins from wild-type and tga2/5/6 mutant plants. The NPR3-3HA and NPR4-3HA transgenic plants used for ChIP assays were generated by transforming wild-type plants with Agrobacteria strains carrying pCambia1300-35S-NPR3-3HA or pCambia1300-35S-NPR4-3HA. Twelve-day-old seedlings were sprayed with 50 mM SA or H 2 O 1 hr before crosslinking. The chromatin complexes containing NPR3-3HA or NPR4-3HA fusion protein were immunoprecipitated using an anit-HA antibody (Roche) and Protein A/G Agarose beads (GE). The immunoprecipitated DNA was analyzed by qPCR using gene specific primers which were listed in the Table S4 .
Co-immunoprecipitation
For transient expression of the epitope tagged proteins in N. benthamiana, leaves of about four-week-old plants were infiltrated with Agrobacteria suspension (OD 600 = 0.5). Two days later, about 2 g of tissue from the infiltrated area was collected and frozen with liquid nitrogen. The tissue was grinded into powder using a mortar and a pestle. All subsequent steps were carried out on ice or in a 4 C cold room. Briefly, about two volumes of extraction buffer (10% glycerol, 25 mM Tris-HCl pH 7.5, 1 mM EDTA, 150 mM NaCl, 0.15% NP-40, 1mM NaF, 1mM PMSF, 10 mM DTT, 2% PVPP, 1 3 protease inhibitor cocktail from Roche) were added to each sample to homogenize the powder. The resuspended samples were centrifuged at 14,000 rpm for 10 min and the supernatant was subsequently transferred to 2 mL microcentrifuge tubes. The supernatant was centrifuged again to remove additional debris. Afterward it was transferred to a new tube containing anti-FLAG-conjugated beads (Sigma) and incubated for 2 h. The beads were collected by centrifugation and washed four times with the extraction buffer. Proteins bound to the beads were eluted by adding 1 3 SDS loading buffer (preheated to 95 C) followed with 5-min incubation at room temperature. The eluted proteins were analyzed by western blot using an anti-FLAG antibody (Sigma) or an anti-HA antibody (Roche).
Recombinant protein expression and purification
For protein expression, the constructs were transformed into the E. coli Rosetta2 (DE3) strain. The bacteria were cultured in LB media containing 100 mg/ml Ampicillin and 34 mg/ml chloramphenicol to an OD 600 of 0.4 at 37 C and then switch to 18 C. One hour after switching, IPTG was added to a final concentration of 0.2 mM to induce protein expression. After incubation at 18 C for 20 hr, the bacteria were collected by centrifugation and stored at À80 C until use. The recombinant proteins were purified following the procedure described previously (Manohar et al., 2015) . The bacteria were resuspended in lysis buffer (50 mM tris pH 7.4, 500 mM NaCl, 10% glycerol, 20 mM Imidazole, 0.1% Triton X-100 and 1 mM PMSF) and lysed by sonication. After spinning at 15000 g for 30 min at 4 C, the clear supernatant was applied to a Ni-NTA column and then the column was washed three times with 10 mL of lysis buffer supplemented with imidazole (20, 30 and 40 mM). Proteins were eluted by adding lysis buffer containing 250 mM of imidazole. The eluted His 6 -MBP-NPR1 and His 6 -MBP-NPR1 R432Q proteins were dialyzed three times with PBS buffer containing 10% glycerol and 0.1% Triton X-100 at 4 C. The eluted His 6 -MBP-NPR3, His 6 -MBP-NPR4 and His 6 -MBP-NPR4 R419Q proteins were treated with 200 mM DTT for 30 min on ice before dialysis against PBS buffer with 10% glycerol, 2mM DTT and 0.1% Triton X-100 at 4 C. The protein after dialysis was aliquoted and stored at À80 C until use. (Manohar et al., 2015) . Size exclusion columns were prepared by adding 0.13 g of sephadex G-25 (GE healthcare) to QIAGEN shredder columns. The columns were preequilibrated with PBS buffer containing 0.1% Tween-20 overnight at 4 C, and excess buffer was removed by spinning at 735 g for 2 min. The binding reactions were carried out with 200 nM [ 3 H] SA (American Radiolabelled Chemicals, specific activity 30 Ci/mmol) with or without the presence of unlabeled SA (10,000-fold excess) in 50 mL of PBS buffer. The reaction mixtures were incubated on ice for 1 h, and then loaded to the columns and centrifuged immediately as above. The flow through was collected and the radioactivity was measured by a scintillation counter (LS6500; Beckman Coulter). The saturation binding experiments were performed using [
3 H] SA concentration from 6.25 to 800 nM and the dissociation constant (K d ) was calculated by fitting the specific binding data into nonlinear model of Michaelis-Menten equation using GraphPad Prism7.
RNA-Seq analysis
For RNA-seq, two-week-old seedlings of npr1-1, npr4-4D, npr1-1 npr4-4D and wild-type plants grown on half-strength MS media were sprayed with 50 mM SA and samples were collected before (0 h) or 1 hr after treatment with SA. RNA was extracted using RNeasy Mini Kit (QIAGEN) with on-column DNase digestion, following the manufacturer's instructions.
Library preparation and RNA-seq were performed by BGI America or Novogene using an Illumina HiSeq 2000 resulting in $21-25 million reads per sample. Raw RNA-seq reads were subjected to quality checking and trimming to remove adaptor sequences, contamination and low quality reads. The trimmed reads of each sample were aligned to the publicly available reference genome of Arabidopsis (TAIR10, https://support.illumina.com/sequencing/sequencing_software/igenome.html) using HISAT2 version 2.0.4 on default parameters (Kim et al., 2015) . SAMtools version 0.1.12 was used to convert SAM files, sort and index BAM files . Read counts were generated for each gene using summarizeOverlaps (R package GenomicAlignments) with the following settings: mode = ''Union,'' ignore.strand = TRUE, inter.feature = FALSE, singleEnd = TRUE (Lawrence et al., 2013) . R package DESeq2 version 1.16.1 was used to determine differentially expressed genes (Love et al., 2014) . Gene Ontology (GO) analysis was performed to search for significantly over-or under-represented GO terms using the R package goseq version 1.28.0 (Young et al., 2010) with TAIR10 GO annotations. Clustering was performed using R package pheatmap version 1.0.8 using rlog transformed counts. Finally, plots were created using R package ggplot2 version 2.2.1 (Wickham, 2016) .
QUANTIFICATION AND STATISTICAL ANALYSIS
Error bars in all of the figures represent standard deviations. Number of replicates is reported in the figure legends. Statistical comparison among different samples is carried out by one-way ANOVA with Tukey's HSD (honest significant difference) test. Samples with statistically significant differences (p < 0.05 or p < 0.01 as indicated in the figure legends) are marked with different letters (a, b, c etc.); whereas samples with no statistically significant difference are labeled with the same letter. ''ab'' is used to mark samples with no statistical difference to two separate statistically different groups marked with ''a'' or ''b.''
DATA AND SOFTWARE AVAILABILITY
The RNA-seq data is deposited in the NCBI Gene Expression Omnibus with accession number: GSE110702. npr1-1, snc2-1D npr1-1, snc2-1D npr1-1 npr4-4D, snc2-1D npr1-1 npr4-4D tga2-1  tga5-1 tga6-1, snc2-1D npr1-1 npr4-4D tga2-1 tga5-1 and snc2-1D npr1-1 npr4-4D (A) Yeast two-hybrid analysis of interactions between NPR3/NPR4 and NPR1 in the presence or absence of SA (0.1mM). Yeast strains were serially diluted and 10 mL of each dilution (OD 600 = 10 À2 , 10 À3 , 10 À4 ) was plated on synthetic dropout media without Leu and Trp (SD-L-W) plate or synthetic dropout media without Leu, Trp and His (SD-L-W-H) plus 4 mM 3-aminotriazole (3AT).
(B and C) Analysis of interactions between NPR3 (B)/NPR4 (C) and Cul3A by co-immunoprecipitation. The E3 ligase BTB-POZ-CONTAINING PROTEIN 1 (POB1)/ LIGHT-RESPONSE BTB 2 (LRB2) was used as a positive control. The Cul3A-3HA and FLAG-ZZ-tagged NPR3/NPR4/POB1 proteins were transiently expressed in N. benthamiana by infiltrating leaves of 4-week-old plants with Agrobacterium (OD 600 = 0.5) carrying plasmids expressing the Cul3A or NPR3/NPR4/POB1 fusion proteins. Samples were harvested 48 hr post-inoculation. Immunoprecipitation was carried out on the total protein extracts using anti-FLAG conjugated beads. Cul3A-3HA was detected by immunoblot using an anti-HA antibody. Clustering analysis of RNA-seq samples. Raw counts were rlog transformed and compared using R package pheatmap. The y axis represents SA-induced and SA-repressed genes, the x axis represents the independent samples, and the fill represents the rlog normalized expression relative to the mean of the expression across all samples. WTS1, SA-treated wild-type sample 1; WTS2, SA-treated wild-type sample 2; N4S1: SA-treated npr4-4D sample 1; N4S2: SA-treated npr4-4D sample 2; N1S1: SA-treated npr1-1 sample 1; N1S2: SA-treated npr1-1 sample 2; WTM1, mock-treated wild-type sample 1; WTM2, mock-treated wildtype sample 2; N4M1, mock-treated npr4-4D sample 1; N4M2, mock-treated npr4-4D sample 2; N1M1, mock-treated npr1-1 sample 1; N1M2, mock-treated npr1-1 sample 2. 
